
Chandra Bhat 1

$QWL�SURWRQ�$FFHOHUDWLRQ�LQ�WKH�0,�XVLQJ�
����0+]��K ����DQG����0+]��K �����

5)�6\VWHPV

&KDQGUD�%KDW
9LQFHQW�:X��%ULDQ�&KDVH��.HLWK�0HLVQHU��

-RH�'H\ DQG�-RKQ�5HLG�

'2( 5HYLHZ
)HEUXDU\�������������



Chandra Bhat 2

¾ 'DYH�&DSLVWD
¾ ,RDQLV .RXUEDQLV
¾ -LP�0DF/DFKODQ
¾ 'DYH�:LOGPDQ�
¾ 0DQ\�,QGLYLGXDOV�LQ�WKH�0,�5)��

*URXS
¾ 2SHUDWLRQ�JURXS

2XU�WKDQNV�DUH�GXH�WR



Chandra Bhat 3

2XWOLQH

¾6FKHPH�DQG�3URMHFW�*RDO
¾6LPXODWLRQV
¾%HDP�6WXGLHV
¾)XWXUH�3ODQV



Chandra Bhat 4

3EDU�$FFHOHUDWLRQ�6FKHPHV
�&XUUHQW��YV 1HZ�

8GeV
53 MHz bunches

150GeV (BC)
53MHz bunches

150 GeV (AC)
53MHz bunches

8GeV
2.5MHz bunches

27 GeV (AR)
53MHz bunches

150 GeV
53MHz bunches 

Current Scheme New Scheme

27GeV (BR)
2.5MHz  bunches

���QVHF

���QVHF
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:K\�1HZ�6FKHPH"
The current pbar Acceleration 
scheme gives
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8GeV Sum Emit

150GeV Emit. BC

150GeV Emit. AC

¾ 5XQ�,,�XSJUDGH�SODQ�FDOOV�IRU�SEDU�εO������H9V�EXQFKIRU�WKH�7HYDWURQ�DW�FROOLVLRQV�
¾ 3EDUV�IURP�$FFXPXODWRU�DW���*H9�εOa��������H9V��:LWK�FXUUHQW�VFKHPH�εO������*H9�a���� ����H9V�
¾ 3EDUV�IURP�5HF\FOHU�DW���*H9��εO�a������H9V

⇒ ,W�LV�LPSRUWDQW�WR�����PLQLPL]H��HPLWWDQFH�GLOXWLRQ�LQ�WKH�0,



Chandra Bhat 6

7KH����0+]�$FFHOHUDWLRQ�6FKHPH

⇒ ���0+]�SEDU�EHDP�
IURP�55�$5� 0,�#�
�*H9
⇒ $FFHOHUDWH�WR����
*H9�XVLQJ����0+]�5)�
V\VWHP
⇒ +DUPRQLF�WUDQVIHU�
IURP�K ��� K ����#�
���*H9
⇒ &RPSOHWH�
DFFHOHUDWLRQ�IURP����
WR�����*H9�XVLQJ�
��0+]�5)�V\VWHP
�´55�7HFKQLFDO�'HVLJQ�
5HSRUWµ )HUPODE�70�������
1RY������� (keep V(53MHz) <1kV) from 8-27 GeV

(Turn-off 2.5MHz 
cavities)

}

≈ 0.22s

8 GeV

27 GeV

150 GeV
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7HFKQLFDO�5HYLHZ�RI�WKH�3URMHFW
¾ $�WHFKQLFDO�UHYLHZ�ZDV�KHOG�LQ�2FWREHU������WR�HYDOXDWH�WKH�SURMHFW�VWDWXV��EHWWHU�XQGHUVWDQG�WKH�SURMHFW�VFRSH�DQG�SULRULWL]H�DFFRUGLQJO\��
¾ 5HYLHZ�LQIR��DQG�D�GHWDLOHG�GRFXPHQW�DUH�DYDLODEOH�RQ�ZHE
KWWS���ZZZEG�IQDO�JRY�UXQ�XSJUDGH�UHYLHZV����0+]BDFFB0,B2FW���KWPO

KWWS���ZZZ�EGQHZ�IQDO�JRY�GRHUHYLHZ���LQGH[�KWP

¾ 7KH�FRPPLWWHH�VWURQJO\�UHFRPPHQGHG�WR�SURFHHG�ZLWK�WKH�SURMHFW�



Chandra Bhat 8

3URMHFW�*RDOV
¾ ,QLWLDO�3DUDPHWHUV�

² )RXU����0+]�SEDU�EXQFKHV�VHSDUDWHG�E\����QV�DW�LQMHFWLRQ�IRU�HYHU\��0,�DFFHOHUDWLRQ�F\FOH��
² /RQJLWXGLQDO�HPLWWDQFH�≈ ����² ����H9V
² %XQFK�LQWHQVLWLHV�≈������(� SEDUV�EXQFK

¾ $W����*H9�
² ��0+]�EXQFK�VHSDUDWLRQ�RI�����QV�
² /RQJLWXGLQDO�HPLWWDQFH�JURZWK�������ZLWK�QR�EHDP�ORVV�
² 7LPH�JDS�EHWZHHQ�FRQVHFXWLYH�SEDU�WUDQVIHUV�WR�7HYDWURQ�a���VHF�ZLWK�D�WRWDO�RI�QLQH�WUDQVIHUV

1HDU�WHUP�JRDO ��'HPRQVWUDWH�WKH�VFKHPH�IRU���(��SEDUV�EXQFK�IRU�ε � �������H9V
/RQJ�WHUP�JRDO��'HPRQVWUDWH�WKH�VFKHPH�IRU����(��SEDUV�EXQFK�ZLWK�ε � ��������H9V��IRU�5HF\FOHU�HUD�



Chandra Bhat 9

(60(�6LPXODWLRQ�
���(�#���H9V

¾ 6WDQGDUG�7UDQVLWLRQ�SKDVH�
MXPS

¾ ,QFOXGLQJ�IHHG�IRUZDUG�
�))��DQG�IHHG�EDFN��)%���
%/&�IRU����0+]�DQG�
��0+]�5)�V\VWHPV��VSDFH�
FKDUJH�IRUFH

¾ 6LPXODWLRQV�DOVR�FDUULHG�RXW�
IRU�EXQFK�LQWHQVLW\�≤���(��
SEDUV��ε � ��������H9V

)RU�DFFHOHUDWLRQ�IURP�������*H9�
¾ 8S�WR�����HPLWWDQFH�GLOXWLRQ�
¾ a�����WUDQVPLVVLRQ�HIILFLHQF\

Mountain-range during 27GeV 
bunch rotation

with 2.5 MHz +5MHz 
RF systems during the 
2nd bunch rotation
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+/5)�6SHFLILFDWLRQV
�)RU�KLJKHVW�,QWHQVLW\�EXQFKHV�

¾%HDP�/RDGLQJ�&RPSHQVDWLRQ�
² ���0+]�)HHG�EDFN��)%��IDFWRU�RI����
² ���0+]�)HHG�IRUZDUG��))���IDFWRU�RI���
² ��0+]�)HHG�EDFN��IDFWRU�RI��
² ��0+]�)HHG�IRUZDUG��IDFWRU�RI���

¾��0+]�UI�YROWDJH�����9�GXULQJ�WKH����0+]�DFFHOHUDWLRQ�IURP������*H9�DQG�EXQFK�URWDWLRQ

HLRF group has 
implemented 
BLC but needs to 
be optimized



Chandra Bhat 11

%HDP�6WXGLHV
%HDP�SURSHUWLHV�DQG�5)�SDUDPHWHUV
¾ 3URWRQ�%HDP�

² )RXU����0+]�EXQFKHV�DW���*H9�
² ��(����(��SURWRQV�EXQFK
² /RQJ��HPLW�������H9V�����H9V

¾ 5)�
² 3DUWLDOO\�FRPPLVVLRQHG����0+]�DQG���0+]��)%�	�))�%/&�
² :LWK����0+]�DQG���0+]�UDGLDO�SRVLWLRQ�ORRS�DQG�SKDVH�FRQWURO

0DQ\�RI�WKH�+/5)�DQG�//5)�UHTXLUHPHQWV�IRU�WKLV�VFKHPH�DUH�DOUHDG\�
FRYHUHG�LQ�WKH�5XQ�,,�DQG�RWKHU�XSJUDGH�SURMHFWV�OLNH��´FRDOHVFLQJ�VFKHPH�
IRU�SURWRQV�DQG�DQWL�SURWRQV�DW�����*H9µ��´VOLS�VWDFNLQJµ���DQG�´%HDP�
WUDQVIHU�WR�WKH�5HF\FOHU�DW���*H9µ
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������*H9�$FFHOHUDWLRQ
� ��0+]�5)�V\VWHP�SDUDSKDVHG GRZQ�WR�a�N9��GXULQJ������*H9

Studies with partially commissioned BLC

40E9p/2.5MHz bunch

80E9p/2.5MHz bunch

V(2.5 MHz)

V(53 MHz)

P(GeV/c)

Beam

:H�XVHG�
¾���0+]�UDGLDO�
DQG�SKDVH�
FRQWURO�IRU�
DFFHOHUDWLRQ�
IURP������*H9
¾��0+]��UDGLDO�
DQG�SKDVH�
FRQWURO�IRU�UHVW�
RI�DFFHOHUDWLRQ

0D[��EHDP�ORVV�
a����SRVVLEO\�
GXH�WR�VZLWFKLQJ�
5326�DW����*H9

� �� � �

� � ��� � � �� 	
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������*H9�$FFHOHUDWLRQ
� ��0+]�5)�V\VWHP�VWDWLRQ�2))�IURP������*H9

Studies with partially commissioned BLC

60E9p/2.5MHz bunch

V(2.5 MHz)

V(53 MHz)

P(GeV/c)

Beam

0D[��EHDP�ORVV�
a����SRVVLEO\�GXH�
WR�
¾VZLWFKLQJ�5326�
DW����*H9
¾���0+]�5)�
WXUQ�RQ�WUDQVLHQW
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:&0�GDWD�DQG�(PLWWDQFH�0HDVXUHPHQWV

150GeV

27GeV
Harmonic 
Transfer

20.5GeV
Transition 
Crossing

8 GeV 
@ accel.

1st Bunch 4th Bunch

�������H9V

�������H9V

��������H9V

�(IILFLHQF\!�H �!

��������H9V

��������H9V8 GeV 
@ Inj.

��(��S�EXQFK
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)XWXUH�3ODQV
:LWK�3URWRQV
¾ ,PSURYH�WKH������*H9�WUDQVPLVVLRQ�HIILFLHQF\�

ZLWK�IXOO\�FRPPLVVLRQHG�%/&
² 7UDQVLWLRQ�FURVVLQJ
² ���*H9�EXQFK�URWDWLRQ��ZLWK��0+]�UI�V\VWHP�DGGHG��DQG�

��0+]�FDSWXUH��
² 6ZLWFKLQJ�WKH�UDGLDO�SRVLWLRQ�DQG�SKDVH�FRQWUROV�IURP�

���0+]��V\VWHP�WR���0+]�V\VWHP�
¾ (PLWWDQFH�PHDVXUHPHQWV�XVLQJ�6%'
¾ $FFHOHUDWLRQ�ZLWK����(�SURWRQV�EXQFK
:LWK�3EDUV
¾ 8VH�WKLV�DFFHOHUDWLRQ�VFKHPH�ZLWK�SEDUV�IURP�WKH��

5HF\FOHU�WR�7HYDWURQ



Chandra Bhat 16

,VVXHV

¾7UDQVLWLRQ�FURVVLQJ��
² 7KHUH�DUH�VRPH�LQWHQVLW\�GHSHQGHQW�HIIHFWV�ZKLFK�DULVH�

IURP�EHDP�ORDGLQJ�RI����0+]�DQG���0+]�UI�V\VWHPV��
3UHOLPLQDU\�UHVXOWV�ZLWK�%/&�LV�YHU\�HQFRXUDJLQJ�

¾ +RZ�ZHOO�GR�ZH�NHHS�9UI���0+]��ORZ�UHOLDEO\�
GXULQJ������*H9�DFFHOHUDWLRQ�DQG�KDUPRQLF�
WUDQVIHU"�
² $�VSHFLDO�YHFWRU�FRQWURO�ER[ LV�EHLQJ�GHYHORSHG�E\�5)�

JURXS�WR�SDUD�SKDVH��5DOSK�LV�JRLQJ�WR�WDON�DERXW�WKLV�LQ�
GHWDLO� DQG�RU�FRPELQDWLRQ�RI�5)�VWDWLRQ�´2))µ

5HOLDELOLW\



Chandra Bhat 17

6XPPDU\
¾ :H�KDYH�LQYHVWLJDWHG�D��D�QHZ�SEDU�DFFHOHUDWLRQ�VFKHPH�LQ�WKH�0, IRU�FROOLGHU�RSHUDWLRQ��
¾ 7KLV�VFKHPH�LV�H[SHFWHG�WR�JLYH 'ε ����� IURP�������*H9�ZLWK�QR�EHDP�ORVV�
¾ ([SHFW�WKDW�WKH�FROOLGHU�SURJUDP�ZLOO�EH�EHQHILWHG�SDUWLFXODUO\�GXULQJ��55�HUD�ZLWK�WKLV�VFKHPH�LQ�SODFH
¾ %HDP�G\QDPLFV�VLPXODWLRQV��IRU�ε � �������H9V��LQWHQVLWLHV� �������(�SEDUV��EXQFK�SUHGLFW�WKDW������HPLWWDQFH�JURZWK�ZLWK�QR�EHDP�ORVV�IURP ������*H9�
¾ +DYH�FDUULHG�RXW�EHDP�VWXGLHV�ZLWK�SURWRQV�XVLQJ�SDUWLDOO\�FRPPLVVLRQHG�%/&�IRU�EHDP�LQWHQVLW\� ������(�S�EXQFK�DQG�ε � �����H9V��

² +DYH�VHHQ�WUDQVPLVVLRQ�HIILFLHQF\�a�����IURP�������*H9�DFFHOHUDWLRQ�IRU�����(��S�EXQFK
² :LWKLQ�WKH�PHDVXUHPHQWDO HUURUV�ZH�GR�QRW�VHH�HPLWWDQFH�JURZWK��
7KH�5HVXOWV�IURP�EHDP�VWXGLHV�DUH�YHU\�SURPLVLQJ
:H�QHHG�05)�IRU EHWWHU�SKDVH�DQG�DPSOLWXGH�FRQWURO��DVDS WR�
PDNH�WKLV�VFKHPH�RSHUDWLRQDO


